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THE CORONAL METHOD OF ESTIMATING 
ATMOSPHERIC NUCLEATION. 

B Y C A R L B A R U S . 

I. Introductory. — With the advent of spring the values of at
mospheric nucleation, if laid off on the same scale as in my earlier 
papers, have returned to the low order of values found last fall and 
the details of the temperature effect are obscured. I have supposed 
from this that temperatures below freezing are particularly favorable 
to high nucleation. One may note, moreover, that the distribution 
of atmospheric electrical potential is a maximum in winter and falls 
off in its yearly period in a way similar to the observed nucleation. 
The frequent occurrence of day minima in both cases should also 
be noticed. 

The presence of maximum nucleation during the winter months 
when the maximum of dust contents is certainly to be anticipated 
for the summer, together with the fact that the numbers of nuclei 
found by the coronal method is much lower than the usual order 
of Aitken's1 data, is worthy of remark. To produce coronas the 
nuclei must be very closely of the same size ; for in a large trough, 
a rigorous uniformity of diameter of fog particle and possibly of dis
tribution is implied, if the corona produced is to be sharp and bril
liant. Particles of even slightly different sizes would give a blurred 
effect or a mere fog. Hence, as I understand it, the effect of ordi
nary dust vanishes from the corona and the nucleation observed is 
probably something much more definite. It is for this reason that 
in spite of very discouraging drawbacks, my interest in the subject 
has not waned, though I am well aware that the effect of chemical 
products of combustion in winter, such as sulphuric acid and the 
sulphides, has not been eliminated. 

The subject as a whole has received enhanced interest in view of 
its relation to Arrhenius's interpretation of the geophysical impor-

1 In the country after rain, 32,000 ; clear, 130,000 ; in cities, 100,000 to 500,000, etc. 

These data are about five times larger than the coronal values. 
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tance of cosmical, and in particular of solar dust. Some limitation 
has been put on the light-pressure theory by Schwarzschild, but 
this has rather stimulated Arrhenius to give a sharper expression 
to his views, and the theory now appears as the central figure of 
an elaborate treatise of cosmical physics.1 

I have hoped therefore by aid of the present method eventually to 
add a contribution of my own. I have now nearly a complete rec
ord of the fall, winter and spring nucleations, though some of the 
early data will have to be repeated. There remain for completion 
the midsummer nucleations, which will be added in due time. 

2. Apparatus.—This consists (Fig. i) of a rectangular box, AA, 
50 cm. long, 10 cm. in thickness and 10 cm. or preferably less in 
height, made of some material impervious to water. Wood covered 
while warm with a thick coating of wax and Burgundy pitch an
swers the purpose very well and is much lighter than (rigid) metal
lic vessels. The front and rear faces of the box are of thick plate 
glass. This must be kept clean on the inside and suitable scrapers 
with a vertical straight edge of soft rubber movable to and fro along 
the glass by aid of a long horizontal rod should be provided within 
the box. The rods pass out through perforated corks in the tubes 
e, with additional protection to secure an air-tight joint when not in 
use. 

The air within the box communicates with the outside by three 
or more stopcocks, of which B is very wide (y£ inch or more) in 
order that sudden exhaustion may be made through it. The stop
cock, C, communicates with the atmosphere at a place free from 
local nucleation, through a length of 3^-inch lead pipe ; C further
more communicates with the interior of the box through a flat coil, 
P, of the same lead pipe, lying in the bottom of the trough, below 
the water level, ww. A coil of lead pipe in a water-bath may also 
be inserted on the outside of the box, the object being to heat the 
air to room temperature, especially in winter. Two thermometers, 
Ty Tf, with their bulbs respectively in the air and the water within the 
trough, register the temperature. The end of the influx pipe rises 
to a height, a, near the axis of the trough and opposite to the out
let B. Finally the whole inside of the trough is lined with a 

1 Lehrbuch der Kosmischen Physik, Vols. I and 2, Leipzig, Hirzel, 1903. 
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double layer of cotton cloth, nn, supported on a framework of 
stout copper wire. The trough should be mounted with its longi
tudinal axis on trunnions (not shown) in order that the whole inte
rior may be moistened by a single rotation. The stopcock, Fy pro
vided with a cotton filter is often useful in testing. 

The horizontal diameter of the coronas is observed, the point 
source of light being two meters off on one side and a suitable 
goniometer about one meter on the other side of the trough. 

An ordinary jet pump suffices for aspiration (with the cocks C 
and B open), and with an added vacuum chamber provided with a 

_̂_ __. 

Fig. 1. 

vacuum or mercury gauge, for sudden exhaustion (Cand B hav
ing been closed), care being taken that the connecting tubing be
yond B is wide. 

3. Diffusion from Two Surfaces.—The high values of nucleation 
observed during the winter months will not be received without 
misgiving, since the air during the very cold weather is nearly 
dry and after being heated to 200 very far from saturation. Defi
cient saturation, however, would decrease the size of the fog parti
cles and, cceteris paribus, increase the size of the coronas, in this way 
showing the same result as excessive nucleation. Hence it is 
necessary to estimate the time which is needed to saturate dry air 
in the apparatus described above. 

Given a rectangular trough at the bottom of which is a surface 
of water, and at the top of which a surface of saturated cloth, the 
diffusion problem is equivalent to the case of an indefinite air plate 
into which the vapor enters on the two exposed sides. Thus if/ 
be the vapor pressure relative to saturation at a distance x above 
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the surface of the water or a — x below the wet cloth, at the time t> 

A. / 71X 'VRX \ 
ft = I — ^ ( s i n — e - ( W a ) 2 « + i . s i n - £-(3W«)2^_| J 

where k is the coefficient of diffusion. 

If diffusion takes place into a partially saturated atmosphere at an 

initial pressure ft0 the factor 4/71 in the last equation is to be re

placed by (4/tf)(i — A)-

The question is most conveniently stated for the middle plane, 

x = a/2, inasmuch as the saturation here is least. If at 20°> 

Figs. 2, 3, 4. 

k = .23 cm2/sec, about, the graphs, Fig. 2, contain the relative satu

ration pressures, ft, as ordinates, at the times given by the abscissas 

in minutes, according as the initial pressure is 

A = °> A = h orA = i 
They imply successively greater saturation throughout. As the 

relative saturation left after any exhaustion would not probably be 

less than |- even in the absence of convection, the inferior limit of 

saturation shown by these data is excessive. 

Thus, in 3 or 4 minutes the air-plate in the t rough may be 

considered saturated under the most unfavorable conditions. In the 

aspiration of fresh air through the t rough the maximum rate was 

about 4.5 lit/min, the usual rate 1.5 lit/min. The capacity of the 

trough, including parts above the cloth lining, about 11.3 liters. 
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Hence 3 to 5 minutes suffice to renew the air and each particle re
mains in the trough from 1.5 to 4 minutes. The time needed for 
adjustments after the influx pipe is shut off and prior to sudden ex
haustion was about 1.25 minutes. Therefore the total time for sat
uration was 2.7 to 5 minutes, which should suffice even in case of 
diffusion alone. 

The conditions, however, are much more favorable as the influx 
and efflux currents evoke considerable convection. The lightness 
of water vapor is itself favorable to the same end. It is observed, 
for instance, on exhausting immediately after the introduction of 
phosphorus nuclei, that filamentary condensation is in evidence, de
noting currents upward axially and downward near the walls of the 
receiver.1 These fog strands are the inevitable convection currents 
due to the lightness of the vapor. 

4. Miscellaneous Tests. — If there had been undersaturation the 
coronas found on condensation should have been larger in less sat
urated, and smaller in more saturated parts, which was not ob
served. Sudden exhaustion immediately after shutting off the influx 
showed a somewhat enlarged uniform corona, but even enlargement 
was not invariable. 

The nucleation obtained with the fast or the slow influx.specified 
was without marked discrepancy for reasonable differences of time ; 
i. <?., such as would not involve time losses of nuclei. Cf. § 6. 

The effect of a long influx pipe (10 meters of J^-inch lead pipe) 
and of a short pipe 1 meter long could not be sharply differentiated, 
owing in a measure to the cotemporaneous variations of atmos
pheric nucleation. So the presence or absence of the coil in the 
water-bath (24 turns each about 3.5 cm. in diameter) was of small 
significance. 

Experiments were made with regard to the usefulness of this 
coil in keeping the influx air at room temperature, both by filling 
the bath with abnormally hot water (400 C.) and with broken ice. 
The effect on the apertures of the coronas was in both cases un
important. Hence except on very cold days, the water-bath and 
coil may be withdrawn. The atmospheric air after traversing the 
10 meters of influx pipe is already sufficiently heated to be intro
duced into the condensation chamber directly. 

1 Smithsonian Contributions No. 1373, 1903. 
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Tests were also made with a U-tube loosely filled with wet 

sponges and with a half-filled drying tube one meter long contain

ing phosphorus pentoxide. In neither case was a definite effect on 

the coronas ascertained. 

Freedom from leakage wras finally tested by filtering the air. T h e 

coronas on sudden exhaustion showed a gradual decrease to com

plete evanescence. 

5. Diffusion from a Single Surface. — T h e case is naturally less 

favorable if the upper wet surface (double cotton cloth) is omitted. 

The computation may be made from an expansion of Kramp ' s 

integral so that 

2 / X X3 X5 \ 

where p is the vapor pressure relative to saturation at a distance x 

above the surface of the liquid at the time t for the diffusion coef

ficient, /£ = .23. The curves are given in Fig. 3 for x= 5 cm. the 

middle plane, and x = 10 cm. the top plane of the t rough. When 

the initial saturation is 1/3 or 2/3, the coefficient 2/TT is to be modi

fied as stated above. 

If it were not for convection, therefore, such an apparatus would 

be unsuitable, for even after waiting five minutes, the air at the top, 

# = 1 0 cm., for an initial saturation of 2/3 is but .8 saturated from 

diffusion alone. A t . r = 5 where the observations are made, the 

saturation is nearly .9. 

One might therefore expect to obtain distorted coronas campanu-

late in outline, small below and large above, whenever condensation 

is produced within a few minutes after closing the inlet. Y e t such 

is never the case if less than a minute is allowed after influx ceases. 

Granting that two to four minutes are needed on the average for a 

particle to pass through the trough, as stated above, if exhaustion 

is made immediately after closing the top layer is but two thirds 

saturated. Under these conditions there is in fact an unusually large 

green-centered, faint corona with a horizontal band of crimson 

color running through it. Half a minute later, however, the figure 

is quite regular again, showing that the convection of light vapor 

must be very active. After two minutes subsequent to the closing 
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of the influx pipe, the air may be regarded saturated except in the 

coldest weather. 

6. Absorption and Decay of Nuclei.— The losses in the influx pipe 

are difficult to determine because of the variation of atmospheric 

nucleation. The observer is left in doubt whether a given difference 

is due to absorption in the pipe or to causes without. 

The possibility of loss of nuclei on contact of dry air with the 

saturated gas in the condensation chamber is an independent ques

tion. It is also to be borne in mind that nuclei may possibly be 

produced by the sudden contact within the chamber. No evidence 

is forthcoming. 

If the nuclei after being introduced into the receiver are solutions, 

some estimate of their persistence may be formed from my experi

ments on solutional nuclei, by treating the loss as if it occurred at 

the boundary of the vessel only. If the nucleation falls off from 

nQ to n in the time t and k is the absorption coefficient, 

where r and / denote the radius and length of the cylinder in which 

absorption takes place. In case of comminuted pure water, k = 5 

to 10 cm./min., and the nuclei should quite vanish in a few minutes. 

Thus if 
/ = 1 min., n/n0—.1S4 

2 .023 

3 .003 

If the nuclei are derived from very dilute solutions like river 

water an average value, k = . 1 may be taken, whence if 

t= 1 min., n/nQ= .96 

3 .89 
5 .83 

10 .68 

50 .15 
100 .02 

The reduction within three minutes will not exceed ten per cent., 

which would usually lie within a given type of corona. T h e datum 

k = . 1 moreover corresponds closely to the values found for phos-
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phorus and other nuclei. Hence if the type of corona changes 

after one or two minutes' waiting, it may be considered certain evi

dence that the air is not saturated and the diffusion error predomi

nating. Owing to the difficulty of avoiding either insufficient satura

tion or excessive time losses my later observations contain data for two 

different aspirating currents, the faster corresponding to about three 

minutes' sojourn of the nuclei in the receiver, the other to a time 

longer than five minutes. In this way the effects of undersaturation 

which are most to be feared are guarded against, while the faster 

current gives data falling short of the absolute nucleation by not 

more than ten per cent. 

7. Effect of Pressure Difference. — It is next to be considered 

whether the pressure difference, dp, used in the exhaustions is pro

nounced enough to catch all the nuclei. This is of particular in

terest in view of the presumably low order of nucleations obtained. 

The usual value, dp = 17 cm. corresponds to the following pres

sure ratios and adiabatic temperature reductions in air \_<j6 — pf)l{j6 

— p! — dp)\Al 273 = &f if p! is the vapor pressure of water and •&' 

the reduced absolute temperature. 

10°. 
20 
30 

Pressure ratio, 1.292 
1.297 
1.341 

^ =254.7 
263.4 
268.8 

For comparison data were gathered with a larger pressure differ

ence dp = 22 cm., for which the values are : 

10° 
20 
30 

1.414 
1.416 
1.432 

245.5 
254.1 
261.5 

Clearly the coronas for the larger temperatures and temperature 

differences must be smaller, cceteris paribus, in view of the greater 

quantity of moisture precipitated. The data for m, the quantity of 

moisture precipitated per cubic centimeter of saturated air have 

been computed by the method of C. T. R. Wilson and J. J. Thom

son l and are given in the following table : 

iCf. Thomson, Phil. Mag. (5), XLVI., p. 538, 1898. 
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Table Showing Grams of Water Precipitated per cu. cm., m. 

Initial 
Tempera

ture. 

°C. 

10° 
20 
30 

Vapor 
Density. 

X106 

9.3 

17.2 
30.1 

Pressure Difference Sp = 17 cm. 

Temperature Falls to 

For 
Dry Air. 

°C. 
-18 .3 
- 9.6 
- 4.2 

For 
Wet Air. 

°C. 

- 4 . 5 
+ 8.8 

19.6 

»?Xio6 

3.7 
4.6 

5.7 

Pressure Difference S/ = 22 cm. 

Temperature Falls to 

For 
Dry Air. 

°C. 

-27.5 
-18.9 
-11.5 

For 
Wet Air. 

°C. 
-10 .1 
+ 4.6 
+17.0 

;«Xio6 

4.2 

5.5 
6.7 

Since m = nj:ds/6, if there are n fog particles per cubic centimeter 
each of the diameter d, and since sd — a where s is the aperture of 
the coronas with an arbitrary goniometer and a the corresponding 
constant, 

s^m = .806a &ny 

which is constant for a given nucleation. Thus the relation be
tween sf and s at dp = 22 cm. and 17 cm., respectively, may be 
written 

sf js = (in\mfS) * = .952, 

In Fig. 4 the line s1 Is has been constructed and the observations 
grouped with reference to it. The cases are usually too low ; or in 
other words at the higher pressure difference, dp = 22, which re
quires a longer period of waiting after influx ceases, relatively fewer 
nuclei are entrapped. From this one concludes not only that from 
the medium if saturated all the nuclei are precipitated at dp = 17 
cm., but that at the higher pressure difference the time needed for 
adjustment is excessive and that the time loss of nuclei in the re
ceiver frequently becomes appreciable. 

8. Precipitation per Cubic Centimeter. — To determine m I origin
ally proceeded as follows: In a mixture of x grams of vapor, y grams 
of air and 1 —{x + y) grams of water, the absorption of heat due to a 
rise of temperature dd- at constant volume was taken as C[i - {x + y)~\ 
-f- hx + rdxjdd- + cy, per degree, where C, cf and h are the specific 
heats of water, air at constant volume, and saturated vapor, respect
ively, and r the latent heat. Since h— C= drjdd- — r/&, h may be 
eliminated. Again the absorption of heat due to a volume increase 
dv, at constant temperature is, if y is the heat ratio, r(dx\dv)dv 
+y&c{y — i)dv[v. If the expansion is adiabatic the total heat 
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absorption is nil and the equation thus obtained may be reduced 

eventually to 

_ [rx/d- + [C(i -y) -h cy]lg&}dd>+yc{r - i)dlgv = o. 

As this is not a perfect differential I assumed that the relation of 

v and # to be approximately that of air, z^"1?? = const., supposing 

that I could subsequently correct for the precipitated water by suc

cessive approximation. In this way one obtains at the beginning 

and the end of the exhaustion for any two temperatures # and # ' , 

using accents throughout for the latter case, after integrating, 

xfjx — {&'jrr)(rjd- — lg&f j&), where (x — xr)jx is the mass ratio of 

precipitated liquid to the original vapor. In my work thus far the 

results were computed in this way and for dp = 17 cm. were at i o ° , 

20 0 , 30 0 , m x io 6 = .59, 1.13, 1.85 grams respectively, where the 

corrections for precipitated moisture have been applied and dp is an 

isothermal value. If dp, the observed pressure reduction, were 

treated adiabatically the corresponding values of m x io 6 would be 

.42, .76, 1.28. 

The results for m so obtained will have to be rejected as they are 

much too small (probably because the pressure coefficients were 

overlooked) when compared with the results of experiments due to 

Schlagintweit and to Konrad. The latter found that a fog which 

limits visibility to about thirty paces contains about four grams of 

water per cubic meter, whence on the average m = 4 x i o - 6 , for 

instance. In the direct approximation of Wilson and Thomson 

(/. £•.), the value of m is computed as an intersection, by making the 

m values compatible with the vapor density curve for water. The 

data calculated in this way have already been tabulated for the 

pressure difference dp = 17, in § 7, and they will be used in the fol

lowing summary. 

9. Relation of Nucleation and Aperture. — In the earlier work the 

nucleation ny was found directly from the apertures, s, of the coro

nas, standardized by aid of lycopodium spores. The experiment 

gave ds = a = .002, so that n — s\6m/7ras) followed for any value 

of s. The low values for m (§ 8) were inserted and a table pre

pared from which n could be read off for any temperature. A t 20 0 , 

for instance n = i8o^3 , etc. 
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Measurements of s would naturally be made as far as the inside 

of the red ring or the circumference of the (eventually) white disc : 

but in such a case they bring out very strong periodicity in the first 

place, and are soon subject to large errors due to the increasingly 

vague and washed outline of the disc. Hence measurement is 

more appropriately made to the dark blue ring which limits the 

green coronas or to the dark interior of the green ring in the crim

son coronas. These lines are not only sharper but they reduce the 

periodicity. It is understood that with air nuclei and 3p> 17 cm., 

the green corona is seldom exceeded. Otherwise it would be 

necessary to increase the uniform pressure difference against which 

there is no objection other than the increased practical inconvenience. 

If the old data for m be replaced by the new (§§ 7, 8), and if 

measurement of the aperture s be made as far as the outer edge of 

Fig . 5. 

the red ring, and if the results of special optical measurements 

sd = a = .0026 be inserted, ^ = 5 2 0 ^ at 20 0 , since m = 4.6/106. 

This equation, however, can have no application beyond the small 

normal coronas since for larger aperture s varies periodically with 

the number of particles or their diameters (Fig. 5). 

Independent experiments were now made, and standardized by 

assuming arbitrary values of n for the two successive green 



244 C. BARUS. [ V O L , X V I I . 

coronas obtained with air nuclei and computing the effect of suc
cessive exhaustion, geometrically. 

The graph for these results, Fig. 5, shows the marked periodicity 
culminating in the green corona. Without doubt the corresponding 
crest should again appear in the lower greenish coronas x as in fact 
the two observations marked a seem to require ; but the coronas 
are now so closely crowded together that the true contours of the 
graph are extremely difficult to obtain. Moreover the least imper
fection of the filter in case of small s and n> adds particles whose 
number can no longer be regarded as negligible, while the occur
rence of subsidence becomes increasingly more important and be
low s = 1 cm. wipes out the coronas at once. 

Conclusion. — In the above paragraphs I have endeavored to pre
sent the complications to which the method of coronal registry of 
atmospheric nucleation is incident, complications which were not 
anticipated and for which I was altogether unprepared. In the 
course of my work I made an unfortunate error in endeavoring to 
reduce the data to absolute values ; but, apart from this, the greater 
number of discrepancies (as for instance the periodic distribution of 
nucleation in terms of aperture) could not have been foreseen at 
the outset. Nevertheless, the practical convenience of the method 
makes it well worth while to attempt further development, and I 
hope therefore soon to carry out a complete revision2 of coronas in 
relation to nucleation, embodying all the details I have since learned. 

In addition to the remarks made in § 1, it seems to me that the 
variety and importance of the phenomena which are now attributed 
to the invasion of solar and cosmical dust into the atmosphere 
(such as certain variations of atmospheric pressure, of atmospheric 
electricity, of terrestrial magnetism, of auroral display, etc.), induce 
one to wonder why a continuous and systematic survey of atmos
pheric nucleation has not long since been included among the 
permanent records of observatories. Surely in discharging its re
markable and varied cosmical functions, this dust from afar must 
some day be detected undisguised and in the very act. 

B R O W N U N I V E R S I T Y , PROVIDENCE, R. I . 

1 I n Fig. 5, w denotes white, b bine, c c r imson,^ green r red, br brown, y yellow, 
p purple. A dot denotes dark (£• dark blue) , a dash light or faint color (gf greenish). 
The coronas are entered at their mean height of nucleation. 

2 This has since been completed and will be published at an early date. (Am. Journ. 
of S c , Oct., 1903, p. 325.) 


